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~2u*jLOA 

:UU pL^- (1) jj^l jyty jjW ouS" 
jl ^jjJl \Jj i4>lfj jyJl Orion «jULl» 

?pI^L| - 
.LL>- ^l tsl^-J^l- 
.9 j^?- \xJm Lgj jj tCt.ti lil ^ju — 

lijy* 2^ iS J tJjL-Vl Jj tUiL^ iJL* j — 
5^4 f j£ **-il toLoJl y«JL!l LjJj tt^jJl 

t jl yL^I Lgj Lpsi j tLUi ^ ^jSCil t_J5CJl 
. *utjj>l\ (_JSCJl 5yi ^ Procyon j y. 

J-*o LS-jJl ji*^ ^L^Jl JJa^ J j.A«.ll (1) 



j! ,,..->■ LiLkJi cL^p .OljJty ^LLikJl 
^ jj£ Uj-i c-l tj.il , . .«Ulj L^JLS' ^j^^JI 



.tUw-Jl <\ fj4 <y> ^La (_pJ .^LS" — 

^ j4 iiL* ^^Ji c^JUJLS' J*iJL ^l j 

LytlW. ^Jl ^LL' VI j^iil uU-Jl ^ 

?liU ^jSCj . JU-I A^Jaj JijjLJl ^Ujty 

«IjjJrlj 01 y.Jdl Ji. t»!^- fj4 ^La c.^.t! 

JL>ti «-Ukj ^ j>fj 'jW^"I t-i^ J^-~> 

* . .. 

^ UL*i ^j^*Jl jiSl ^ya* Ji* '*>jj Uj->Lj 

jj UJj Canopus ^jj jjL^ j y«jJLS' itU- Jl 

Ji£ ^l ;Rigel Jiij jl Vĕga de la Lyre jJ V 

^J^Jji ^ ?J^J 'lT^ 1 jW^-l J^J 
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? JU-I 4.,,k; Ji, j Capella ^IS" j 

L) liUi .j%k?-l ^ ^ i3L* ^-^$0 tj^jtJ 
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<v i i j^eu-Ji^tjjj y /iti 




^J: JlyJl iJjk Jj> ^ljilj ?j jUl L. : JU-I 

jb^ ^ty J^c''L5y i/Jl oi^l^ly-^jA 

? jyJi «ijJ L. JijL" J ji ^JJi jiJi 

^Ip Jai-J uyJl ^ jlkj >Jl 01 ^Ul 

J>- Ji J ji (.jJl LJ j Uj t j jMl 

li jj^s jl ayJl ^ <■!.•». :ll P^^-iJl IJLgJ Jj *>U 

i j jJ-AJ jl Jj "^J t^J J.I t^j-tJl ^ JjJtiaj j\ 
Ajjj ^Ja^J ^S" LljpI c_J j-*s t^j-iJl I jjk Jjii 

Sjjj ^yla,'.-' V LS' Llj .tLil LJ j^- L» 

,j^jj jl ji jy\ ja ^y&\ j ur jj. 
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Ll ^jJl y D jJU ^ jJl j .aJLjJI ^j) IjjO 

jL«jl iju jl t^j-i-ll l-i* J^jd il^" ^i,?*^^ ^ ./ 
aoL Ji» to^Js ^ t^^-iJl j jJ Jjb jL 

6l.4iB" jl 
* yj> ^ ^t> .Jltil ^jip 4^-Uj JU-L) 

LkL lil jJJJS' 

jj^J L J±* jvi>-l j jj ^Lla (. \ ^Af- 

c_£ LJ jJ ^yO toLJi^JI *_jI jjI ^JL UL> 
lilJi t^s** - .L^L Lj ^o^-l » l ^ - p 

IJla^-J tt j50 .3*L>V ! 

jodi jjicj 5j»-LiJl j jJ jl 
t. jjs c-* 2 - tl j«^>- cJl5" Ll 4>-liJli JS' 
Ju .j<^-Vl *j-aSI tl j<^- ^jiJ ^-.-...tJl 

AjJJ (j^>- Lgjl 

Lajl Oi* J jJ' O * I J-* (^ji** j .j*ia>-Vl 
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^jSj^ V **-liJl ji f jJl j^-^i! . jil t^Jl 
^Jl in-ity ^ 3;<> „^:U jl jj^l y j»— 5 i_S j-*> 
^^i^J V j%i4-1» 45-LiJl jl ^Jj^. <.\ j' . y h~ 
i j^a^l jjJJl <_Sj~- \$M SiaSLJl i«-iS?l jl jJl 
\ ^le. JaiLJl t jJaJl jlS" ^jL» Ll-s ^^--nju -»L$J ">Li 
^JI sl^J-l A^LiJl JU- dUj ^/a-ij tj^l 

jl Ji>-">LJj .tj-All ^ j^-S/l j»— -*Jl i^r^*^ 

^s*-^ l£ j** 1 ^■■■»■■■^1 aj«-S.T jl I ^^ju IJL* 

IJL* jl ttl yi-f j «-iJLJJLS"j tljvi>- j tl j^-»- 
* * • 

t j^s (jJj^j J 1 * 5 ^ ^ jLlaljl (juu ^Jj tL*Jj ^jNj jl 

'^j>- -jt LJ ^jJ ^L^ j jjJi^ js- y.^-^tJi 

Ji y^-^ cy ^ 01 ^ jr 

ji ^aJjj • <ij jSflj jn-i^Ij j*w»SfL> Ijj^ 

;4*iVl L^ij^J V (^Jl *LiSfl jl ^Jy dUi 

^pSsju (j^>- 3J jL» j jSCj tiiLiLiJl jjp tLi^yi 

• Cj^-* jj*-! I^j-*' 
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Wi.-j ^jJl oi\l\ cJLS" ^jl» liJJiS' jJl ^j-J 
tslil jt tl j^Jl Jit tSiLLiJl Lyt jjajl L$JJe 
tj^r J~^Pj 3jciS/l *j^>- j^gl . /i~ .»\ <S j~~H 

j jj-LCj^Ij j^La^l jLS" lij .LfL« y^T 
<JjjVl 0 jJJl ^j-^i t\ j^Jl jlS" j ts- jjajl j jL Lv« 
^j t^j-^iJl 5juif jli t jl jJS[l ,j> «jiP (j-* j^ 
(^JUl tL^juil ^ Jjjty O j^il JiiJ tLJl SJjU 

dl u* <j ^^*' <Sj-th 

j j^j (ji^- L»l . (3 j jl j jJj L^JS" »L»......ll ^^jv2j 

* jjs LgijJjio jt (J"-ri (^*^ J>$-^ SjLiaJl JjL-* 

o ,»ll j jS\j (ji^- >«-Sj L» j*j tljj^S" j» o .»ll 
ijjj^l L$J j£L« JUuj* 1 jU t^jity ij-* ji 

j jj«Jl J^p j (j jj^iJl ^s- \ • ..<- ji j j£j liJJJU j 
L& t jjJJl L. U £jA> V aJS" li* tja-t . j^-I 
Lc! sLiVl jl j^l L-o j '•> JLai . iJb jj ^Jiii 
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tiJli jl jjJJl 

L>bL. J^ L^ Lpi ^ jjJJl J^ L^/ ^j-Jj 

tLjJli ^ LjJl jJt t Lit i]L* jt Xj 
a^a jJl LJL>- ^ jjL^il sJL* |»-*lj .* j-JaJl jjLa» 

j* L*jji jl Jj V t,j~*-jJl jjj JU-I 3t.,W; j* 
Lcli(( » ,, M l e j»^Jl)) t y>j^iSoi <jy-j H^Ptj-iJl 
tj-jal! j^-l jjLa» i]L* ,j^J .j- ■> .til jjj 

s-j-Js _jJaJ\ ,3J jL» jjLa» Lji5" ^Aj iLJjj>- ^yt 

* t * 

^ LJLLijj ^LmsI j,j SjLliJl -Up (Jjjl 9-L£ t*J»-o_i 

* * « *■ * 

JJ ^-^JJl jj-tj -Up LS"b j^»t I j;j>-t j ,Ju<aidl 

jt ^-ijj .Jj-vt LL* tlj^Jl ^ l-L* («. rt; jt 
L a^U- j t *Ji v glll jljjt La U jl jj^l 
jliJ (jy-j . Ul jj LJ S' L j-Js L}Jj£ ja.l.-»j jt Jl 
*l j^t d^J Uly dijp JJJI j IjS 2jjX. Jl 
*l j^jt j 4^ j^jjl 5 jL^I U jjLa» t jl jJ^ I JS" y 
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oLLi-l j ^UslJI j «.1 __ji*aJl 4_»LVl CjIjL— Jl 

^Ldl L^Ljc-J ^JI «jjJl» tlj-^lj ttl yJ-\ 
y±>-\ _j» tjljJ^I J-Ujj tioJjc» jljjL 
jl .Ll lL-v"-' L$l5 i3 jjlj 

. i_iLu^Sfl ^«^r (j- 4 ^jIj j-J^" |_/^ j^ ^__j.I ,/i « 
LiL»Jl j aJ jJaJl ^j.Ldl o ijt. ^jP U Jbol __j?rJ L» lili 
«.L«_^ jl Li-L>-j to*>Us>j J-jJtJl i oj ^Jl j j5>Lw 

^ V iiJLpl <j _^Vi ^ 8 j-^C JJJi 

j>«JL; L* jPJJ ^jl ^__fc r ~Kjj,.s>\\ ^_jL»<ail 
j ,/? 1 1 jjl ,/» » ____,.. n .7. Il Ji* ^ j^wJlj 

^y, 2L^sL>- jil jA oly <__; jJl t^j-iJl j jJ 

«•I j~* c___gj J.I fr(__<_-iJl (j-» Luipl LaLoIij t. j-iaJl ^j^sl j*- 
L-S1p l.,,,^ *4 «.jJaJJ I j, « j^^l IJj6 jLSl 

.aJ 

^jJaJl ^ j jJIl L. _j& 
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Oljl*" £-_u. 0*j ? tJ JaJl L. dJJi JJ j£j 

S-^j^Uu ^jj^-l Ji ^Ljj^aJI plp ^ o j>*Jl ^ 
— k-- ^^Ip -■ jil5" L«Lc t^>-jji t jJaJl jl LoLL. 
"V yH\ 01 Jjl* ctt j^Jl ^ o j-aSLS" jl ^s-JI 
jj Juo tl j^Jl jl tlil ^ oLojj^j. La L* jjljcj 

LoJfcl-b>-l t|j^-_>y 9JJU^ ^^J VJ y> ^jA L« 

Aar j^ jIp jl-LL. (j\ tamplitude 

tO j-— Jl ^Lijjl jl-LL. ji ^Ja—Jl ^jP j^tJl 

J~ajL" ^Jl AiL-Il ^j tisr jll J jJs» ti j 

<L?r jil J jJa ^jljSJ .(J^lJLl-. ^jC^y uV. 

olj-^U) Ol jva-ii^» 4» ■ v» ■ L. o j— _Jl 

L.I .(Lia-iiJ-l C->l jvsSU) jL»! iajajj (^JiJjJl 



16 



c^-jl L*Jup (^Jdli 2L>....i?U*< g}y^ 
jil 0 j5\J j) Su.LS' I jU jLS" LgJ jls ^J-j Jj 51 

o jiP ^ja tj^rj i iJl {j* <-j>r 0y. U» jl t(4jjva*]l 

^jp l^: : ->- o-L?tij j tjLa-iil j» f-y>r i—S^I 
^jp cijJbt;:^ ijliii j%^il jl t<Lj jvaJl oL>- jil 
o^U-l J jjj^j t y LLp **if 3 \ 
L^pI jl JLj .UjJb JLjUjjdiJl i ybliaJL jJjCj 1.«.,.«.»- 
I ji— j I jJLi VI oL> jll oJLa j-* l5^h 01 ^Wt.«7 V 

L*jJ JLij t Jl JJ>Sfl 9-U* £jA ,J-J> -Wj^ j*2i><^J 

oVVI j cul jj^l ^ j^J 0f 4-iJl ^j.jj Jsri ja 
oLiLij jj^lj tuUljjti j^) jJLLU \>jjj^\ 
^a oUr j*JU oLk5Vj .. Il 3jti*>U S^jL-o- 
p j-iaJl J j^- j» jJl j j Jb UiiJ^- 01 LCj . (t_j>-J^9 JS" 
4jI>- ja jj^US ^ J.tt.».T.i....i 01 '"Ull ja 0 j5\_i...< 
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jLL» ^j» Jj>-Ij '■y^) j-* LlJI tS^J^^L» aJjj-j 
kiJJi t(jLo_Jil ^ pj\>- 0 jJ-« jl i jiil ^ itj^ 
jJjOi CjI>- jil ^ Jajj^iJ Jaii 3»>pL-j>- Lup-I jl 

Oy ^ 

jii j> jir liij 

' j^j^ 3 400 Oy 
^ oMe-UiJl ^ SJLJ-». jiiJ LjJli t^jjjJ-l ^jj-L* 
.(jyi^ 0 jL ^L-j»-^! ,jl ^ .. ^a" cLiip Lj-p-I 
Lpl ^jIp 4*iVl i-i>4 Ji*Jl Aj^I cj-j Jjj 
tljl* jJU 650 £-Lj Lji^r j^» J jJf 015" lil d 
lil *l j%k^- j tljL. jJU 580 Lj j)a> 015" lil d yL^> j- 
Jup ^ j '470 -Lp fli jjj c510 J jJaJl 015" 
^ji OljJl ^ oJj4 c5 JJl *jli j> ^LJl ULa j .420 
OJ il tii^Lail J«i ^ja 4iJl ^j-J L» jjfcj t^ji 

jjP 2j Jj—il ^j* j ul jjjJI ^ SiJUJl slil ol jJai 
3 ybUi» Jj«jL t5jtiVl <- iS ybUaJl oJLa 
. j>5l a^- jil J jJs> 015" LJ5" j>5l S^jJj t jL^VI 
Lf>- j> J jJf Jjjj ^Jl 2jtiVl L^p! j 
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tjJaJl Oj! 

it\jJ-\ <sJ- 2UiVl <J\ S jL> jjU 680 
JUiVl cSl J > j^ 380 L^ j> J > Ji ^dl 
^.Wt.>." oLil jJ-\ L / a * J . ij{ jjp c^>r ... a;,ll (j j* 
l^uj iSJLtJl j? i^Lity L$i»j tjjty 5j jj 
oUI j^l jl jj">U 4^-L-J-l ^JlL^Jj . J>«Jl 
J»t jii jt JJ Luj J-li-l JLW Jij Li^-I 
Ji{ j I jl jJ^I <£j jj-kll l){ JLc ^Lai^l 
t_S y oL jjlJl 01 j-Lj o-p- tjji^j oLj-liJl Lgj^ 
y LJ ti_, ,.->ii _ j-*Vlj Vl (jy jJJL ^IUJl 
jSjj Jai j{ (j j jlj js__i-{ L^LLp JaJaiJl 

Jjjj J_P JL~aJJ (jiko <0l il tl o g * ^j-J dJ- 01 
.(. ..ipL. j L^jJLS" jl jiiJl j j^J lg;,>- j t^MlaJl 
j{ il L. Je jwJ JVI ^ jj-SH 
L* '^j-^J • OjJj JaJjj *->r j> J jJf J-' 
L$J t—^ljCi ijti{ Lu-e-l ^glLJ oJ_*«j <_£ JJl 

?«J_s- oL>-jrf Jljl»! 
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L-^' j~ V L_iLrfS f- JV» Cv.j *Li ^So (^JiJl £ yla^S 

9 jpOj LjT monochromatique j jUl ■^j) V 
oLiLi «-L»tf> Juii^J jJl jjk c( j jJLjjiJl 
O* ti} "f J jjjjjiLSl 
tljUa^-j *l j-o- 4*^1 c-J tpixels ĕjj-^Jl jvsLp 
Uj . Juy ^Jl jl jJ^I JS" J j*asx)S islS jj j 
c j jJJl ^ j jJLj^iJl ijjijb>0 V lili ^ g a\ Llju Ji 
v UipVIj *L>-Sfl ,LJ*J ^j^ill iiJi ^jL' 

^Jl ^Lity (^jA 4»,.iaJl ^ «J^^ij -AJjJLjiI^j 
^ <_J5"Ijo Jj cJl?-1j i>-j> Jjiaj 



J«« L: t UI j> ^Jl jl jJ^l ^ S-u Jl jJ^! ^_JUJ\ 

. j\ « IJL* ^ L-L-l iiL^a i_LlaJt 5JL— « ^ 
V j £ Li^L *J SS^ V pLsjei5» J*t JL* ^JJaJlj 
a^j'V iJaiiJl oJLjj jjjyu Jj t^l jj^l jlLu 



20 



ĕJLi £ $ t(jyK ^""^ ijS*^ jJ»l Jl j^l 
^jJaJl j . «— _/Jl ^jIp JS" intensitĕ 
JL* VI J-iii V cjJJl .Jukll JU-I jjt 

oJL?~ j *LiSfl AiJ <_£j\Jl toJj>-l j 4j>- yt J jls 
Ja-l>tj (_£jUl i_jL_laJl Jjiil IjujLJ 41* jtSl J t j jlil 
^jP I g j~o-J.I ol> jil Jl jisl j^j* ^jlp 

^j^L>- j j j , t . ; j jjp ^JT 4jjc>- ^jjj^J >— . _"> - t^/ 1 *! 

Js jliiLl ^ ip j-o^4 Jl '—■''""i Ji jj J*i LoiT 

(iJJj 4-JW9 JJ .4<>lk« (jlsl-J» 1 g I ■/? »< ^l 4*>/>Ul 
JajL»a>- Jlkj tLgJL*i oJLi iJLS^j ttlj j~-Jl Js jJajJ-l 
Jif j ttj-JaJl <_jJJl ^Lo-SOl ^,,-?:»!! aji£ 

oJlA Jt» Ojt j .SSjJl j Aj^a^I £-51j L*J jJ dJJ-ij 
^jl aj jjii ^ jJl jjw»^! <■ j-JaJl (^ <_iLlsVI 

j jJJl j) Lj-U ^ 4j«j _^«Jl CjL5 ^JaJl ^jjj j^aJl jL>u. 
I " g."T y J jJ 3 (*J-sl (jJa^ L* L* ^jJL) jjLvaSfl 

S*L>VI SJLi U tl > jJU 589 j 539 Jl jJl 
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*3La j& .(4a,«.,A« jJai-l *Z*A\ 

»sL>_VI «JLi jL JU-I LJp) oW jil 

i_*Li»Vl »-L* ^j^j.j • (l£ Ji j-* ,y <— «i^>«j 
5— p 0 j£o V ^Lvi_^l ĕjS jl ^ju Lr t j-J-i j^» 

^Aj 'Ui*^ ^TJ^ Jj^ 5 Jj^ J^» JLkj _____» VI 
J.»- « . t ,.-j ^^Jl t jpl __Jl j^ JLjjI CvUaj£ JL>- 

LjiJL- j J^I-L-j V ,___£>- Jj^s ((JajjA Js jP-)) 
jj>Ljjt 4s>ry> J jJs JajC— j ^-1 cLkji Jj'L-j 
Lf i«Liij jP u> j^-o i_3Li»Vl J^^HJ -Lji>r j* J jJf 
JajjA ilJi«l ^Js- ijJu jA ___Ay efLv6»_yi »Jui jl (_^*J 
JL- jLdl J~-- ^Jp jAj toLr jil Jeu jf- 

j^Jl ^jL^il Ji») aj>js jjj ^jL^II 

Jjl\ ,y^\ Jl AiU e VL cLJ ^l c(OjJl ^ 
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L ^ L*L^iaI L$JLp i_,...a;„>.»> ^Jl c((3^-LJl 



23 



jj^j ^ jj>— Jl y LjL (_£ JJl t j-aII ^Jtuio jl 
j_c L» jjb j cUaj ^ ,/?t« I iX> jLs-^l i_JLp ^ 
.SJjjjc* Js jJa>- 4j ji ^_^"IjUj cĕjLi-l ^l_j>-Sn 
C(^j-U JUj ^j^J jl jl cUjy>ej L* (^iJajl iJl* ^j 
jjUjjjl *_. ftl ^Jlj . 2_>-L« ^L-^-l ^ j^Jl jL; 
<u^*jv« <*s-ji Isidore de Sĕville ^^jL-iSll 
«jjj» ^yju:. 4~lJ*>UI color 2JiiJ jt ^JUi^l 
J^J t(( °j' (^r^-calor 2iaiJ XazJ^» 
celare SSt.t.j SliiiJli) ^Li j^p jLS" jlj 

^jlsj 3_>-LJl ^Li^l j jJ jl 31 cLSUs jLS" 

^J -^J 1 ^ j>^^> J 5 jl tLpj^. 

^s- UjjJ-l ^j^— j jIjJ-I t^lj jl «d ,j_w o^-l Lu 

l.bjj Jjj»0 LgJ jJ Lk-S «j jji-l i_Jjv2j oljj c^^jj 
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jjjjjljj j^i^ Jl 3>jyl\ 

iijKe- iJLas jl (_/-^>- JLij V| < j jJ ^ j ^jjLj 

j , ...ll Lai . LgJ jjj 4j-bJji-l ijrJaJiJl ĕjl j>- (J^j 

olj j _-*_~»j' Sjl jJ~\ S\ jA Jl L, dUi 

JE ' 

l-Uj .oUr jil Jl jls>l ^ja 
~Joj>\s. ^ojLT i—jL^ aj'j-o— «j (jJJl > ,_a_Ull 
JS\-A 4_£u _y«-Q JSC-i <*J t(( j yH\ j»— Jt-I U^is)) 
ti_ <Li-l -Up &(_j»~Jt ^ 5 ?-»—* ~ Ji^i^ 

^ 4» ; .l? cJLS' LojLS' _ aJ_>*j V JjCjj jAj 

L*_*-»r ^L-^^I 01 t<u_»-~J <_$ j?yi _;J\Jl 

Ojl _ji-l 3j*-j 5 ^ 0 jSCj _\j>- Lgjli AjJj j\ai\j J 

dJu">Lj jj-Sl* tLjjJJl jILp <_S jS"JJ U.jSCj'j .1 ^.-ai 
3 ybLliJl o-U ^ji, JjI 015" gjJJl Max Plank 
_juk )) J-ii _i.k!l JLp <u_*I jll»t 1 1900 ^ j 

OjjjLA j) ^jSC-O ^JUl iJukJl Jjb J t((_li'>Lj ^ 
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it\jjJl\ jj-sL. JS" (Lu^ J*i!l IJL* JL*i*-V 
/JLJ, . jjiiJU i^Uill jJlp Jl oUjjStyl 

4j'\ j ^Jai jS- j J L* l* i_jiJaJl d'\ aIS" UL* 

. jJCj V I <>.>■ ^Lo^Vl -Lp <U~ii jA 
01* tjjii V «tili^J ijul»)) JSCi OlS" lil 
*^« jj*^ jJ»l Jl j^^i tj^O. L ^Ji 47^» ,s>j 
o-LiJl Ji^> Jl..;»- c^ij (^JJl j«— ^i-l ojl _j>- jJJ 
oli oU- jil i~Jj*& 8j I ji-l ^Uj jl *^ (J j^aiJl 

8 jJbLl j jj Jlilil iS >^Ji Ji >Vi 

j^S* yUVl Jl ^Vl 

«JLiJl -Lp a>-j1I J jls jl jJUi ^j^j •(ijjil 

jttj t o jl jJ-l *^« L-Jxp L«LJ i ,.xl (_£ j./jall 

tWien Ois* ^ y& p-"^. j*^ *-> jjUJl J^A; L 
II* ^tiri gjJJl jaVl sbjjjl ^iU J* 
0 jSsJ IJl* ^jIp j .j^s- *--LJl 0 _jJl J o jjUJl 
i>-jj j jSsJ ^jy» Jaii tb j-- ((tta j-Jl ^L-orVl)) 
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fj ^rt-iJl 01 J jJji lill 



iijl i^rji £-4j j ijy- L»l t3 .h a->t-Lj LjjjI __p- 

4j"}Lj <_£__)LhJ (J j.^all aJuiJl Jj_C- i>- jJ.| J y\s 

^LSj) 3jl Z^rj-> ___1p 5^ j...^.fl.a jT_» ^jLi (ji_">L> 
j^ 273 4iL>Lj c^l tjjiiS' ^-Lij:. La SjI __pL| 
JjU dili J VLt.j .(c$ jjdl jJLJl lj\j>. Jl 
^l t4j ji« i>-jj 37 lSj^JI «jl y ll)l 

eJLi jl ^Jm \J tjii^ (j-Ul* (J^ CjL>-j:s 310 
<cu Jjjt_jJ ^l (J j^i2i\ (J jl J~\ ^U-i_yi 
jjbLj L» <_£i .310 ___1p 2-» j^L. Jij"^ Jl jp- 
^j^aS^I <— > j~ii\ ij 4j«Jaj LC t jL. jjLi i_iVI OjO^P 

2^Vl _>- 

^.Wt,»; V LJl ____!*-. (O j— I L-or)) JjJ dili 
olyjJ lil dili _y.I?T..,i Ll$0 .a.oiiaJl ^ ^ijj 
L« jjfcj te-l j^J-l C-J^ 2j»-i*>L! 2LjL«>- oljliii LJ 
. jJiLil _•__* ^ jill IJljj (jy __^>— jtll ^LcaI j^jsj 
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^j-j 1200 J) j^ 1 » ^ 

L$J_Li j j£j cjiiS' ^-j^ 1500 J.I j^- ij\ cAjji. 
l£) c 1500 ^jip o uy%« ^ l£ j-a^l 
cJjLJl ^ l^. UT c>jjU 2000 Jl j^- 

jjP U j ^jSnJ cLJl -JLi j» jjji- I iistjAl 

L$-L»J l jjJjL a*J ((t_il jisl)) -b\P £-Sj 0>* 
lg^>- j iLjjj jUaJ ^ ^Jj (jJJl j^^l 0 jUl 
9jl jJ-l c-olj L> lili . ^j^- Ji JbjJ-l 01 J jjL 
Js- ^bu^l jSsil ^JJi Js- 

jjwsi Lu-P-^ jXj _bjJ-l jUai t^jil JajjviJl 

JaJ\ ^LJl JbJj-l ^aj V lili !*>Lp 
(«jLti jjt L5" Lsy.».. |»j Jjjt jvi>-l ^j-Jj 
j j Jb ^ » jJb ^j jj jl AjLi ^ iJb* ?i_j>JaJl jl jJl 
Sfl tLjji jjS" ^ ^LiJl 
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jJIOIOjJjAljll 
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Mjva>- i jttUJijiSji y litl 



5.3i \*?u* jjljlii r*>?*^ 

jj>«J| Ji« ttLiVl jjJ jl Li^p Jij jVI 
A^-jj I^p JtL»i jl LS jl tL^jjl^>o 

tSlsLo jS\ Ai^OJj . LgJ jj JljLj p j^tJl 9jl J>- 

_jl t\ ji^o iS j>-\ j& t\ y>s>- \a£ j£„ (^JJl L. 

4 1912 ^ (• >>Jl ^Jjlill U*iil «t>UaJVI cJlf 
(«jjjyjjji* jLI dJJjJl ^Ip JL Ja>- jv>~ 
Henri J--jj ^ri j^j <J Ejnar Hartzsprung 
«J-i Jjif o ^S^i 4*JL>- ^ tNorris Russel 

l-fr L . tf tLgjrW ,» ĕjl j>- Jl ^jj^jl t jjs 

^jjii V j' Lo-gJ ^JaJli t<jL j»^*>j ^jip 

^jip ^-o^>ti Jj LJsLipI LcjjJ ^ _Jl 2j>uLrf!> ^jIp 
j»^*>I L^«jj ^j-» aJlp I jjjJLL»! t JjL» (jvi» -Jajjw' J jj^ 
^Jaju Jajj^iJl dJJj J-^j"j- .«0"^ i^ 1 » 
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JaM.j «tL_-Jl fljSVl» ^J» ci_JLA-l Jl fjJ>Jl 

.^\yJ-\ jJL__l» t _J>/_I ^jbLl Jl 

. Lb-*. L$Jl _jj_ 01 _1p UL-r __UJ j oJu~ Lp ^jJ 
t JjL» iajjii J j_? ^jLc- £__»__ ^ j*J\ 01 0_l Lls 
_jLa 01 (^Jo <ul_ Jb- _i ^^oj^JI _JJ_ -^jtjj 
cLp jj? 0_— >j <L_>_Jl 3jl ,jy 4_"5_s- 

La, jjs 0Lf ĕjl ^jIpI <u_>_Jl cJLf LdS" __-s*j. 

* * t 
^LU jl ^ l_o- _*jj- oJuij .c5jj>I 

4_LpIJ_- 01 (_j— — >. t3_u-- ^j-l i_jjLL Lc. tĕjl ^ji-l 

_j__L_— j 0_— _ Ul (j— j>»j o__»-lj ĕ y> ĕjl ^ji-l <_rj_ 

Ljl J,l J— JL; cl jj-T L_-J-_u *_ IJL* j .1 jA 4jL 

L*t jj? -I- j> Lij^- 3jlJ_1I ^L—sr^l 0t — -* y- 
_JJ_ 0t __> jJtil ^jSsJ iLpjl j> £-7 y ,ju>- ĕ jS 
L-Syu L ja j t2ju.jt ,j«>t jlJJ_c. Oj-C _Loj"_l 
(j- y-Tg,U>t ^'LjJ) Stefan 0_L_- OjJli ( *-_L : 
4_aJ y> ĕ*L_>)_l ĕJLi 01 >— *>-Jl 0 JiJl 
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i^JJi ^rT;T,,.i j tt j^si\ C—J ^Jl <L>-L«JiL| Lsiajl 
jl _j 46jl jJ-l UsjI ^ ibjj j*j>*JI i>-L~. jl 
Sjwp) 4j*>C ^l jlJlic. ^ ^Loj^! dJJi 4~~J 

jyjCj J . JIj£ ^tJI 4 » .... Jl LC, (ajl; jl L^i* ^ j ./^ 3 -* 
f j^*r jj- 4 ui*-" j*-*r ^Ja-x Ojl ^ i_* LS" lili yi-l 
aJti Ljj_« ^r,T:.T.,»,i jl «^Ut..,; LiLi j~J> Jil «Uatl 
L^lS" ol.U.ll aJL* jS/ to ^Uj dUJLS' j j^Jl tjjs 

. « . l I (j ^»»; Jaj jA 

jwJl jl yJsLJj^l IJL* djj Li jwJl LJ 

Uj4 J*ilL jJT. t sJLSl JLa- jJl JaA\ jjS" ^ Jioi 

Lo_$J Oy^r ^ ^s^- t^-Lr^Jl y> >>-! j*-4 ^ L^ 
j^>cJl SliS" j .^jj jJaJ LJJL* jlJi«j LjJli aJL^S3l 
o-Li j s ^JkaS ULTj 4j>Ja^> ojl 3j>-ji Jjji ^Jl 
^Jj^ ^Jl ^ |,j^Jl 2jLtf jl Jj V .Ajj^ 

ULTj aJLi-Udl 
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- j3>Jl jl ^jIp MJj Jby jjSjJ.1 J,LJl ^ J\ 

^jAjCJIj) aW,,,.; tLil i_3Lkil yi-l ^ 

^j-a ^i»L»0 JjJ 3^_»«Jl jl J jwSjiilj C^^-u-J JlJ~l 

jJj£ .ilSj LjdbT (1)1 j cC^LL V U^Ai- (j-jjyJl 
L lJuS" ^jSO .LjiS" <_£ _/»-Vl L^aJL^- LaJj-j 

jt-^i J^-l ^ ?(«-?-Jl j jJ ^ illSOl l$ jj" 

< jilJ LjJjl jj- jl (jyj ' j3?-Jl (_aJs jl LC. 

(_£ j*u C ,..J LjJl (_j^*J I j-^J» C«u jJ.1 i__jL>-jJJ| 
cLjjy-^ fl~o-Vl jV ioljUJl aJjU Ol jS" 
^ i__jL>-jjJl oJL* J-LP j jSCj cAJjLjj 3,1 ./> 

<y iiHj ls^ «j 1 ^ 1 

dJLL" jl (» js--Jl <_aJs ^ 4jLL_>J>I JaJl j_Jl Jwsj 
AjLLLi 90 4__*Jj. (ji^-JjJ^^I <-) jS^j ol jLiJl 
J-T JJ "j/ {j£ t 5j LLLj 4«,ni iii.Ii ^ jJjJIj 

jjj jSJlj (jy»t— J_J ^ cl5 j^Vl jvsL«Jl 
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iLli jj^Lic. V} tbtj^Pj JjjJ-|j ^jy^-jjLJlj 
j»Jb«j Lk5" Lojk f»jJL$Jlj ^ju^-jjJu^Jlj . lJ->- 

LjbLjl jjj c^JuJ.ll» 

I - g 7 ..^" jJJ tLstjA^ 1 - iju P?.-;Sft LoJb 

t J f J^ 1 jL^iJ^I hjal^j UjwJj' J4 

^jjp ojLp j» j>«Jlj .oLL» La L» ^j^J JLL» jAj 

^jIp iSjj^ J^-* 1 <-"- J Li ijLiJl ^ i*jws ol jS" 

Lgi*oL>; J.,^?ai iiJLuL«X4 1 g <> .»>-j o jiJl ^j 

Jaitsi? AiiL^j jy>-Vl lj-* j <L$jjj ^jA 4*jLJI "tv»L-£-l 

JL* ^>J\ <j jL$J ^lj J>-LUl ^ ol jUJl 
JL>- ^ Li jki lili Jil js-3«i_j .,j^L4-l aJLL' 
I g «> ^j^» L» OL^» 3^>s_Jl jyu*» ^j 5 ^ 

jy-jl..j gT * (jujjjj 

oiU-l 3 ji Ljt-I J>-l j>-V L>jt4 J>-l jJ)L^J 
^jJr-l ^ <sJ-'^yr jil ^Jl JS" *4LJl 
^J^oj»- jl a ji ^L; Sij jjiil a jjSJI (S j="-Sfl j 
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*JLa j j_>J ^J j . j^ A*iJb" ^Jl t**»l jJl 

tjJt-l JjL-I ll j j_Cj jl ^ jJ 3 o j-Jl o j-* 
Lb_jl LJS" Lil ^jjtC. tatApl ^ o. jsSl jjS" JLLl 

^JaJl j .IpLajjI JaiJaJl _bjl <_Ja!I j>J Ls jP 
tJLiJl Jl £jk~Jl UMJaJ» JajUaJl Ljj jJ* ^Jl 
L^>- ji.^Jbjj JaiJaJlj c((Ja*JaJl ^(j)) |^*L; >— ' j*j 
J.iL*j L» (Jl ^W.-ll Jup .jLjCj jl yu<» (j-* 
ki.JaJl jlJJU ol jil oljLl» oLu <_Ja!I Jup 
^l j* L^j i^i .LaJ _i jJlil c5 jJL| 
_bjl LJ-T £-aj 5jl yLl jU L*_*jr oljUJl Jl 
^LLll ajl j>- ^LaJjI jwij L« LpUJjI JajwaJl 
jil iJL* .(4*-l j- 5jL>tP ^cjij ^ 4L»;,,.i ^jo- 
LiMkil Sjl yLl ^UjjI jL~. «3jl j*- ^jj» 

Ajtjaj (jjt (jlW;i o-s>tJ. t 1 I tfJl ^^j^ ^Ja—Jl 

<_JjjJl ^ — -~*aj ^Ja-Jl Jup oUrjjJl ^ i—S^I 
jS\ O-LS" LJ_T 4-oj>wJI jl (^AJbj .(jyjAji a-tP 
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3jl cJLSj jS\ 1-0...U _i W«,;?ll jLS' 

.LpliJjl JLil 
l_L>- 3jl ^l oJl* Jl a~_JL _JL* jl JU 
JpLiJ ij*>Us^ aJLS' a*l jj L» ^r,.,^" L>- J- 
?c5jjJI g; jl jJ-l JpL_JI L. i^SCJ .c^jjJ eSj^ 
\ § '■ » <-y>r jS\ i_jjJ_j" LjIj Lc-T ^ j^«-Jl ol 

^ j~L* al jj ^jj jS\J Jj ^.^ avl aJj>*l» j$ ./>\\ jl 
7 3jI-lL« L» ^yil^ej SJLjjJI aJt* J">L>-j taJj>-lj 
jjk ^ jv_5l IJl*j t«. jja Jl J j^tJ ojLll ^jA 4jL1L> 
Cjyr J J-^^ c5 jj Ji^ • _/! J ^J^-J' jL*i jvj 
£. a j^j> Jl ^g»^ £»b ci' u-J 

.4*il-Via (iiJi ^j-jCjJI ^gipL^il Jj tL^a*j 

^i\j J* UjU,l J^l 

-L\P i_jiii>sj V L» jjk j t a 4Pj<-j. -5 j>-^ L$Jju>- 
LjJjl j>- 3*? jj ^ j l_^j. 4il _JJj5 «-Ij js-Jl J*f 
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ji5"1 Ojl j^A CJLS' Loi5"j ~*J±£ Olj Jl 

.jU^Ij Ji ts jJl cJLT ULEjl 

4>-jj j jJL» ^ «jl 4>-jj cJLS" bl L*f 
^J»-S j~Ju L» IJL* j) jl g ./?*! cj j-_b>- ^ J^l ;Ai 

LijL>«j ^ OjjJS' oL^j i j^- jll ^jy^jjJL^Jl jl 
^ j^s^Jl jf i^jo IJL* .(LJLii) j^a^j V LJLkLSi j 
tAillaJl ^ ^jL>-1jJl j-Uall IJLjj £l«JLi" V iS ji-aJl 
Jw»f aiJiS' cJLS" lil j^Jl jf cjLL*J-I c-i Jl j 
jjp «jlj^- ^gi^ j j£L-i ibS" j^Ip 

£ 0 JL* j . Aj j j\j AjjI y>- OjApLiJ JlJ jJ ^LiLS" 
^ j («iuJl ^ljS^I» jt--L l_i jjJj Isyryt OijUl 

4 jil -tSj$ *j jv» L$Ji?-j>L« <_ 
43 y>r ^ lj\ jJ~\ cJLS' L*>«Js j»->_Jl jLS" LdS' 
JLJL j^Jl jLTj J^t o^ULdlj LpLL-jI jSl 
jl*l i^JUJl 43*>UJl j^- iJjJu Ijv£a .L'L*i JLil 
3jly>- cJLS" Lij .4i j-~ ^ 3jl yL| 2j>-j.ij- j»j>— Jl 
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ĕjl j?- OjIj* L_S" JlJ-l SjtjJaj ^jjj y ~U...tl 
ĕjl ^ Uajl J.~tJ JLlC <U%Jl jli tULUjl (_Ji]l 
I (jU-^^Ai j| LipIUt.iU ^Jl ĕ-L^- jJl ^j '~U ..ll 
j_v _JJju (j-J _r > s' ^Jaiilj . ĕj£L* Ai^laj 
tl-^.T.a.iLw jS\ LaIJj>-I iJl_« jA—T j. ^Us. 
jUi V il) aJ_" j_£ JjLJ ULjIj 

UUSIj t (i_Ol v_JLU 
^ e- j__l ĕJui —^, ,,,-?" _JJj tljj La-J j|) 
^« S^p-jULl oLL_!l I gU».^ jjiaj c~~»«-; ĕ jiJl 
.(«ukTj^ JJLL <LL»^j Lf ij»-3r— I 
^J—ru 4j>»_»w_J i___=-j j^l sLdi L« jl JLj 
jJu <JL?- jIj_I __1p j^_l jt _JJj tSj^-J I 
J j^cj _L V <Gl il (2 JL -^Ctl <u_5' y aji-_U ^y, 
^Js- ^jS^ali jjJtJl li-*J 4f jJ-* J.I i^-jj-W 1 
jjj_J ^jl t ĕjl jJ~lj JaJu—lj «U_nJ| , " il_U. - 

j,_»_l p J_i> ĕj5 jl _JJj (_£■— * J -U>eJjJu LjlS' 
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3JJxj> jl jll *j? 



LgJS" jjdj <_>J2_* ^jLp Sjl jj-l 5_^-j_j a jJ 2 *J 

jjj jj>o cJJJJ Lljj 'ij^j^ Jjj" 4 W^j-^ 
25 jlJic. f jJl Jl L$j"_ v J r j Jlu _l j 05 ^j^J] 
LpJ__j Sjl j?- j 4jL1I ^ jjdj^* L* j^ 2 * j tijLlb 
\ *~ * * r oljJcJl oJL* ^jj^ £^jj .ajLLL 2j 1 uy Lc. 
jl (%_>_>_: t (J _-J jJl ^Jaiil ^ (JuiJaJl ^L-J VI ,_/a*J 
___*Jl ^ o L$_xJ !_■,._; aJL^JI LjJ ^dl f j_>Jl 
(^JJl J,LJl j«-->jJl jj-» 4Jli olSJJ ^ ^jU V 4.,.,.jji 
JS" «ujpj Jl J-jjj £jj>->"__* OLlUJl J__> jj" 
JjLj «Jli 4jL>- 4jL$J j»->«-Jl >U-j ijy"- L»l . Aijjj»^ 

AiLkll _L_ 01 _l c^^-J jjl ^Jaiil _,_> jC ^JLc- 
i42~S jj ^ SjLic- CjIjjJu CjjJj*- Jl (^yJajij aJj»-Ij 
^*>\SJlj) Lkjjw jJcJl ^ Aj jjj j*J>_Jl «• j__> £^T~j 

^ju ^ jj>«J| i_jL_^>- j ((Ltijw)) SJijiJj c^^J La 
_/» j^ ^jL^ jt-s^Jl J-a^ t(o>__Jl Oy^L. 4j_J_j 
5 jLaJ «flj*J-l jJLojJI» i_j j__> _r~ryjJl ^J-ill 
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aLIS j .((<.! „^. ; ll ^ljSty)) u_^<9 jJ" tĕjwai 
t 4j^t* SjaJ- ^ JU-I oJlA ^ 0 jSnJ ^Jl ^ j>«Jl 
^jLpj . L$-lp c^jJlJ-l LL>jbl Ji Lj jS" J 
!LU *l >^ OjSC; V ^ Jl»- JS" 
^pIj t( .^ aJ Lf L. Jl 0VI 
^ ^Ja*il iJliJl 0 5& ^Jl i^JjH ^kiil f j4 

^ jljo »> j>«Jl jl LjIj JJi) . <■!■<> . J l ^_^4 
.LjiiiS' i_iL*Jsl <_jIjsLp ^aj.j L ... o , i sJLT ^^iP 

J^p- Ij»j^j ^^^aSLl; »> j?xJl jAp jl (juj 

^w>Vl J^Jl ol: » js^Jl 01 d~~>v tLjiiiS' >«jij J' 
L.L?) ^Vl J^Jl ol •> LjJjjlaj ^ j>iSC I jAp j>5l 
^ L$J Lf jji5C j>s1 J*Jl ^ jI-IpI 4jU]I j LS 
JjLiii-| » jj^Jl aJL* cJli" li ^^SCS .(aj^I jjjLi-l 
^j ĕ y^- -Lil ^ tc5>-Vl Jl L-Li ĕjjL 
L<J«*j LC tt5 >Vl ja UUi Jit -Jli jVI 
^j . Ul Lp. yl ^l L^ ^sy V LL^.j t aJu^U.1 
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iSJJa* JljjL fj£ 

^ip^ljJl iUl ^y^lU^Tjy.^ jliUiyl 

4___f ^JLj JJ*-*" j«-*r J-* l^J j-Js oljl-* (_^--> 

^_Jl aJjI j>- OLi i_JJJJ j t (J _-<__Jl <U_S' jiIp y*j 
UUl Jit jJlj <Jjc4 "b j_« <L>-j_ 2400 j-*-i jUJ 
Li!t 4jjL>- ot (j^?- ^ip ii j* O^/l oj£ju ^j- » .-ll 

L-jto L. bli .01 l)I $..■..> 01 ji-^l 0L_4 B j A 

Ol ji- Jl js- Jl c/t . }US liJJj JjJ Jl 

jA Jj_JWS j-o-»-' j^l >-<-*f Jk3»LL_< t<LJ j_Js 

J j^-y. __JJLiJl «.Llp _ - __l__'l Ji j iBarnard jL jL 
ol j__- JLJ JL«j ^JLp «lLl. ^p-T L_4 »2003 yi 

' j' J-3"ty J U_S' j>S^I j_»_jl L.I . JJ j_> 

jji«Jl Js^t ^j» IJw-ju i_->L*jJI l_-j»«jj .Sj-L SLli 
ji5l ^ j4 j^JLp jj-*U Jbuti Jjtjt l_jL*JJIj >L$.JLp 
0 j jJl jLo jl £-« ^ js«_Jl -JLp ^j-iiLJ j . 5 jl j>- 
0t ^g-jur. .<^U___I *_* j _)*>__»-! ajjUj *_* _ jis-. J-JLJ 
.((■_-> ji')) *_* j oLpUaJLI 4JLJ_»c_j ^-J Jl £___ll 
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Li^iUaJl <2-kr:M IJuJiaj £jJJ «jl j^~\ oL>-jJi 
f _^>«Jl 4..>:lL; oL>j jJl ^ oLl» ^ 
4..>:lL; oL>-jjJl i_*VI oLl« ^Jsj (Jl ajjUl 
j j£j jv^>«Jl aLjlL\ 4*J>Vl _} .5J j^- L*j^Sl (Jl 
<>j\j>- jj£o tl j-J-l 

j-?- ^ j toL>-jjJI < — 3 V **Jslj «jl jJ-l ^Jj 
£j/i> 5jl jJ-l C jJLi ^Ji* .- a:,ll (j ji 3jviVl 
L» j4 i_> j»j j^jj .oUrjjJl i_sV^I CjI jOUP 
?«.!j-uajLl ^ jjjcJI jjjl ^jSO ts-Lĕj jj «.I ju0 j «.I 
i__JjLSj ^Jl jJ>«Jl j-o-4 t S> ^jP J-atlJ 

iw?Li jJl L_riLi aJI ji-iJ L. . (J ...»., ! ;.\\ L$iL< 

^.^Jl AilS" ^ AjLUj 70 i_)jLij Lj4 jl jJ6 

AstJa-o Sjl y- j jSsj (<*_ujJ ^ L^-^Jl e.-^jjl ^») 
^y-ai^l L*Jb>- ^J-J «CtUil jlj t4j jl* ^ji 4200 

jl j^jo Lr tdjijj j jjli i_~^>-) I j^4 jJLi 650 J^- 
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SjLLLj ^juLJ aJiSCJI c-iL lili *j J^"" ^ 

a>- jj 4700 ^LJ ^k-Jl 3jl _^>- jli^^o-^Jl aJ^S"^ 
j jJJl Jl <_£ j^aill oJLiJl Akii Ja"~ L« j cAj yj> 
aL£J| c-iL lil L.I .1 jL. jJU 590 oj-ii Lc. yL^Sfl 
a>- j-2 5500 ^lJ 5 jl j^l jli ^^w^-iJl a15' J^Lt. L. 

jjJJl LJ CAj jJU 

^ >..o... t JI jl ^ cuJ-jti ^jSsJ L« j»Jj«J kiJJJjJ 

j^Jl iK c-iL |j| .L.^" ^Ld ^jSJ ! j^f 
ĕjly- jli t t _ r ..>..tJl a15' ^ ajLIL 1 10 o jl-LL» L. 
osLJs^I Ak"J j cA^rjJ 5900 Jl ^-k...ll 
A^r j^ Jjki JjjVl j jJJl JL4 ^ j j5J <J jwaiJl 
SjliL 120 aJ^_0| c-iL bl L.I .\ Ju> jJL 460 ojl-LJL. 
6600 jUJ ^k..Jl Sjl y- jls ^^iJl aJiS' ^y. 
Js <_£ jwaJill otLjs^l AkSJ j jSsJ ^jo- ^ tAjrjJ) 
Ai^k ^a£.(. l ^i, JSo jil .^..«i.ll j jJJl JL4 
ojljjl LJS" ti->- c^Lj^iJl J-Lp Jl a.....~JL SjjLp 
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?eljva* U jj-tU-Jlj^ ji y lill 



U-LaJjl 4j>_a_* ojl j>- o.jI j IpUjjI j»->_Jl ^JLS" 
Jl jJsl i_j j-^? (_£jl jJ-l «ipljuil JL« j t_JJJ-' 
«Lpljuil 3j_ij »__>-jJjj tjs— ili js— j>I _jL>- 
JjjVu j^Vli jkJ^,\ Jl ^ t5 j~-Ul 

.4lS_i~« jji lil _lL* .(^_~j_Jli 
jii- ^LJl jl V} j»-ji!l t aIjCj^. a^j" ^«J 
L_4 ^---Jl J \jj3 01 _1p Ojj^j u±?V>j^\ 
0jJa*j (*-frilj ijva*-\ V JlJbr V Lc.<Ul p_=-j jL^>\ 

LjJitUsl 01 jJl o .1 Lil jJl ^ jj^JJ LJta 

fj=r-Jl Ojjj . ..<^j~_i_l 

LgJ j^j u\ A*-iVL« L-L-I c-J _Jl 
»1 j^J-l **iVl 01 _JJ- J <*-*>jXf- j ul 

ja j^\ t_jUrl j .^--ty ((<_-!-»-)) _?j_- 
i__J (^Jl t4*_^J,l ijl jJ-l oli ^ j^_Jl J_4 oukll 
^.Wr.-T *y i_-j>- t^r...M.ii:.Jl J ji 4*iVl JL4 
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iiJjGt LiljJb f <j£ 



((^Li-I)) Jali ij, y Jj Oji^-S/I 0.U Ajjj (jyJl 

Jb4 lili j& i{ j^i» <dS" IJla .diliS' ^j^Jl 0 jJ 
4 L-^i Ji^ ^jil jJ-l ^ i-J ^dl r ^Jl Ol 
?((^»waJl)) jL ^jyjl Ul y ^ 

...ot Vjj t j^o j^- ^Sri 
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Jl jJi cajSjjJ C j^^Jl 01 LJ J>J Jij Llt 

jL& tc-pUa^-l L. LjopLJ. cJJj LgJl Ji Jj V 
4pL*Jil iki ^JJ Lv4 ^^,^0 ,tll (j\ cLJl Ljj jil 
U~^- ^LJl j£j t j%ii-Vl JL£ ^ l£ j^aiJl 

jt LJ jT jlSs IjJ .cJJJi" ojjj Vt ^Jp jjjv2J 

* * fi * 

^j-J j jill jl jj» iL»^« LlJo ^JLj 

LjJl Ji) J. jl <L?r jJjiJ. * jALb Jj c4jLj;i » jj»Us 

j_Lj ?j\i>-Vl j jill Liip (j ji J^i .3^ jJ j^~v 

^ tljiJajJ-l ^JjJl L$jj Ljt tLi ^P Jlj^jl 

^j-^j jt ^jiUj V j^J . LjJ jvi^J ^'.«. T .- i j LJ j?- 

I jjl5" jd^ ^LJl j yiJl ^ tLJUJl j* bJj=- jl 
jLj^Jl jlS" lil L« tijJjL* jjp jjjL»- t j jkL~i 
jt j_u, L. J? yJ t Jjj^l j jJJl j jijj«j ,jj jp ( VI j 
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U C .i; ^Jl oLLSsJl ^ 0 jJJl IJL* ^l ^jip ji*J 

L; jllp J jiJl L. J<.L~iJ jl LJ jTjj 4jjjj .(«-pLj j> 
<ui*j L^p j«_pl J5\-iuj c^Ai» jva;>-Vl j j^>-Vl (jy. 
<_j| jws ^jip <G jp OLT JiJ . J ji!l (jJJaj:. 0 jJJl U 
jS- j jJ Jo-i <Jl jJali V l/JJI 0 jJJl)) 0[ Jli J^s- 
iUJLS' ^^J "}LL« jjjyiJl OjJj OL-uii .((i jj>- j> 

jj^J jl Sjajjiij tL» ^jA^J» <Jl Jil) (ji>- VJ 

IJl* L$Jl ^«t;i ^Jl SiLSiJl ^ L»jj*-» jjjy^' 0 jJ 
cJLS" ^Jl «JL>- jJI jl jJ^I 01 ^g-uJ ^L» .^^aj^jJl 
eLja-i j ^yajj Vl j^j* L) j jl ^ 2j j <Uj jls j jyiJ 

<L» jJl LuirJ ^ jUl o .i; jjj . j^>-Vlj ^ j-*>Vl 

t<*JLjsj <LcJLiiJl Ljjjl ^ jJJl .X^..."Jl yuu 

2 j--Vl <_£ j-- j*-JI jl jJl ,j> i-j j*J V LjT tAi» Lfu 

^LLj 01 j .(<L»J--I OjJj) C-aUI j^jr-Vl J jii-Vl J 
(jj« j j*j*i V c<L> jJaJl j^Jjv>- ^jIp iLJLp jj-o-i-l 

LJLLSsp- L.I . L /v.Vl j j^-Vl l5j— J^jJI 01 jJt 
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cUaJl jJrl <UkS tl_.Jb- "VI L$J Ju£ >Li <U*JJl 

jjLil i U" aJLp JLl>»j j jwjI i_jI jp I g 1o->»j ^Jl 

Lg.o.o.^.," ^Jl tLja-Jl «jy»Vl «UaS jl (,<u* L<jij%~J 

(jjjJLSl OfL>" |»J .tl J-O-? - <L>-L«IJ <■ I .t. jj^yS- 

oi _JVi Ji i jiU»U «l- jyUi oJu; j ^Jsl- jjl 

i jkj^\ j j JjjVi Sj^riii ^itii 

o-L^-j ^Jl Sjl>- _Jl 01 jJ^I dLL" cJL^i 

iS^ jj J.J j J~>«j ^jJl dJjo ^ I jL*-i Jo-I 
U.jtjjS JJl 5J24JI jviP s\^r ?L_Li <\jil>- ^jIp 
»LjV.>.«,VI ti^iLl— JjjJl sJLiJlj <lpUaJl jjJU <1~£ 
L^Lor ^Jl ^l _Jt i*JV ^ j ^.Vl ^ 

jJWJ^Ij jUa^-tyj JjjSflj ^ r .^ jJ l j j5o" 

Jcp <_£j%<2*Jl £ jS ^-jS OljJl *JkL. <_£l t j^j-^Ij 
us <jy>- LLI 9UU9 j ^jJl ^Wal l jj*j i^Lj^iJl 
jlj JjO. jJU 470 ^ <v>- jj> J jls JjLL J jjVI jl 
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<d*J j S jl> jjL 650 y *s>r y» J ji» JjLL y^-H\ 
jA ^^^1 «JL») jt jt (J-J.I £lJl 

JjjS/l jA J c jl»j Jl jvaP £A i^JLS" JU^ ^Ja^l 
-UPjvi?-Vl j *J ' "J^ JJ ~"*^ * '— " lx 
APLkll Jj*5 -UP jvi>Jl Jjjty J-* J t jV»Lv. f L-j 

!oJL* Ll.LI ^ 
JJJ L*jj (jJ^J >j tC— J j jJJl ^rjJ ^j^- 
^ii .«jjJJl» IJLa oUjS^» ^ L~Jj U 
SjJL iJL~4 jjJJl ^Lil jlS" (Ja- jJl jj ■,-■-11 
Jl .-»yt JLUI Ojji \y&j tV*Vl 

JCJ> L.t .C~*Ljl ^Vl Jl 41- jTlJdl JjjVl 

(3 y Lw^ j Ijl.LS' jjJJl ju J yiJli (jwLLJl 

LgJli «LSj j*)j/I jJuiJl (_/**-! L»tj jA j>? 

4i*L<s> Ll jJlj c^Jsj j AaL>- LljJl <_£ y 

.(^>J UljJ *V Jjy LflS" ^j tV-Us iS >-tj 
^ 3LUJ.I a^-JJI jt ^SJJ jvii-Sfl Jl Lp j*rjj 
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((j^Lĕ-)) ^aiJ J^jC— J LJLUj^ AjJsLL» 

(Jljjl 0 jJj j jJj frL_Jl j jJ i_jw» jJ glaz 
dji 0\ j — Jl j* _JJS J*Jj .L. jL^iS?! 
J^i . ,3 j ji Lib a*IsUII _1L" ^ *L_Jl j y*Jl 

^Ls—l tljv_»- «>j>sJl 4JJj ,_jP jJ»_u <_£ y 

j jJJl jl ?<LIp L» jiP ^jip L*l y LLr^o ^Lai" 

j£j tl_J j*!l 3 3jCo_wJ LJj) js-I^-SH 

tL_«Jl Si^Uail J^j j-* j jJUaJl t j~J i_JL>- 
j\aj j^J jL_1_»-L;j t^j-jsjiJlj j-liSlj 0 ^-.Liilj 

objj^iil j ^jIojLI j jJ dJJJi' j%-_*-Vlj .j~Jl 
IJL* i3 jij jLJLll iJjLLs j jJj *> j» . Jlj aj j?_*Jl 
4i>r jLi-l o-Ji jJl 3w---Li>Jl LL>J,1 3»,,.J-?ll j jJ _lij 

(jUil ^jiaju j jJJl lJu& t_,,-r'Ci i. j .0 ^k... Jl ^jP 

J-0 *i j^ - ' j jJ M »' ./""l** ^j.^C-'' 

Jji c._jL_J| jjJj (jjjil tljwsl ^ JbLl 

^jp .((JjjJI j— ^-b) <0l ._jLJI _j_JI ^jp 



50 



51 



^LL' ^ iJU ^-Ji J j«Jl 15 >J 
<_$JJl ,_^Ui!l Ja-. jJl 015" Lt tL*u: jt -oLOj 015" 

C-jLS' jJ tljvU>- ^j» a .t.ll (S j j' (_/* J-*-5^j 

J*=*j <_$JJl Li tjil .is-UJLS' *ljva>- J*iJLi 
jl ? < j,...o..,tJl ^ 4jv2j>- jiSl i\j^a£~\ i?-UJl 
L_j^ij ^Jl 3 y>^iJl Ji* iiJJi UJl. ti?-UJl 

^y^M jt ^Jj^ Jj jJ V 4 Uj 4j jJI j 

<0l « ,*ll ^j» aUlli (_$JJl t jJaJl ^jj. \t-jT LUjPl 
uLsij- ^jLp <_$ ji£ k>-UJl Sj-iii j 6 ^ $ Jaii t-y^ 
A^j ^Js-j tktity diJj" ^jj. _/>-T l*jsr ^^aic 
(_$l . ./*a\\ oL>- jil Jl jJst tuli L^l» Jj»L?«Jl 
oli Uajt ^jSCjj 4<JjjVl j ^». II 

.^Sflj >v»Vl gjt iJOjjJsJI luUt jil Jl jJ^t 
<WaiC V (_$ JJl 4*^1 jj-» -A_#- jJl ^jJrl jt i^-Jl j 
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?<JWl iii&J OjMlU l0 £j 



jjj 4j-LLJI J*>«j L« tiJJi J y~ jS Ji> 

JSC L$jl . jJliS' ^».— ttl jJU' V UJ «•! t-J 
^«Soo (^»- ^?-LiiJli :cjL*- j» J jls sJL-w» 4jWL»j 

j jJJl (jUai jA Jj-js Jlki ^jIp 4jcil C~j p jJaJl 
JiUaj ^jlp I g T» imI ^ ».0 . tl l ct— J ^i»- ^ tjva?-S[l 
jl jJl j^Iaj-^l J,l 3iL>l j»Jaj tjjiSy l-Uj <jj> 
.yj> jjPj L^. ^'^J.1 tLi^r l£ i-i^l 
^ ^ J^J L. jS\J t<uU jLi> V £->tj l-U 
lili .i.ll ^ L^pt al J ^JJl j jUL Jaj^dJl 

^ > «J^Usl ^ tdJJi ^ji J^rl ja tU Jj V 
jljj^l OyJl 1* L^y ^JI li[>Jl L|j 
aly L. JjjL ^ £^L.jJl L$*JL> ^l 2JL ^JaJl j 

Thomas Young £jjj ^y^y j^*' -LiJ -uy^' 
^ <J I J-i t j»ip /t-LJl j ^iJl AjI Jb J iJLJ.L 
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JaisL Xak£- oUaT^ Oy^ jil ji 01 J ji»il 
^Jn-.." ^Jl «JbJbJl jl jJ^I y Lb-lj L$j- J5" 
^Jl 3JL _JaJl <_iljj J^- _Jl ,jiJs JL5j .UjjJ! OyJl 
JLp I jLa^J ^-L/jH 01 jJ^I 0 j-L» _Jl L$j ^jj: 
i7y\j O^ ijjJJi ^iwoli tLgj^» oLe- jijj ^Lsrj^ 
01 jJ^I ^^jiSJ 01 (jSo:. oLkijAJl j> _jjT 

(JliJl j t3 jjVl 0 jJJ LxL~>- L*Jj>-I 0j-nj cU-jo-^- 
Lj^. J5" 0j_C o->*j t j-j-SU oJLJl j jUsj>-SU 

t j-iaJl (.JlJs > .»■>- ^j^"'' jl Jb jj ^Jaj j£ aJL>- 

i^,, ,,m:U tjJaJl OjJnj kOy*"^ -Oy^' JaiLJl 
I JL$J 2L»L-J-I oUaijAJl Oli ja>-\ Jeu y-Jl 
JjjVl oUaS^ t __JLj" LoJ i<U >_~3»>l».J 0 jUl 
aJLx j ^s^ilJ ^L»jJl 01 ^>t~Jl j tS^Lw jUi>-Vl J 
bl L>l . j^j-^I j* ^«il '(^j^ O jJ 0} <U J jij 
oUai^ OLs jk+o\ ^Ay.ot t. yj> ^jiiii (jyiJl oJLS' 
(jy>- ^ tL^JIi ĕ jaIL :>*I~J jvsj>-Vlj j^*-Sfl 
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^LjJI ji <3^l1\ j ta^L. (3 jjty oUaS^ ^JLJ 

.Jufi\ jjJ ji (.S**^' ^L/**^ ^ ^^"J i^^i 

JLt i^JaJL, j jl kiJULr c-JaU cjt lili 

LgJ-j>- j ti_-j>r">.-.:...i Lg.» .,«■>- CjUaS^I jli ^jyJl 

^JiJ <_£jj"l t^^-lJl jl aJjIj aJL-j ^LjJl ^Jlki 

^J^p f jJ 5 j-La* jVI Jj>-LJ .^^Ja-jl OyJ' ^i 

^aS^I ^pLtil jl t^ j io . tl l JjU ^Jaj ^P ,_iJs 
yls^^l jUaj ^ S ji cUJi' ^J^i <*jt "^l t jCas-\ 
^....i J lj <J jjSfl jUaJ ^j t^- ^ ^o^^lj 
l^ju^*. oUai^Ul jl Sj^Jl j t<_£ _/>-Vl ^LjJrl 
^LjJl ^jLp is jl jJI *JL. _jl Jjc>cj L* t2-> j j£j 

| j-.o...t.Jl LJ jJ-J dJJJJ .tLa_J. 1 j-a...tJl jl <J J jj»J 

Oi>0 ,j_j>- J-^ai ^Jl ^ LgJl Jj V itUj 
AjJai ^ 4— JJ t^iJl Ji j . Li.Ua.j ((^Ja-j^l «- jJaJl)) 
c-J ^ L-i c-Ja_jl Jij L*l y ^Jl aL^Jkl JjjJ-l 
.tlijjJlj pljsiajLl j tl yLaJl j-jiS" Uajl 
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^\j>S$\ Aki O jj ^^J Jyjl al J, jjl 0 jjjl j 

"AjJ^S oV ieLiiii tS JJl ^ j-JaJl ij^k ^ <_S j-Aa.il 
ijL-J SklJl dJLl> ^ IjJ iuU*- y> Jl jkl LgJ ^l 
^jyJl ^ t j-JaJl oLki*j| (J* 5 ^ ^ <*J^i L^i' 
^jL-j oLi <» ji»tJl JL>- ^j j£- JL>- ^ l**^ 

(^JJl OljJ^I 

JUJ^JI ^ ^Sfl j* ( >T^lj diii ^ LjJ 
JJlil ^.^u 5 >^Jl Jl Jilil ^Ja^U ^L^^I 

<» jji tL— Jl ^ ^j^J :l jo^-i <_jI jJ^I Li 
.tLja^ Lu^pI Lal y dJJJLS' 0 j£j ijy- LgJ^ «.l^vi>- 
^iP 4JI VI C>\ jJrl 0 jSC. dJJi Ol jJ-lj 
.SUi dUi ja JLipt aJL~. ol jJVI h jj 0V tJ^LT 
^ jjj^j 01 ^ ^JjJrl jJ jJl J-iJ 
j^V1j JjjSU JL-LJ-I oLki^Ul lij&J) jwJl 
ir* u? J £ji W?. ^ L>i' L.Lc t j^o-tyj 
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iji&j OjUiu lj£ 



(j\ cA-^-JJl y <>j£ ^J.1 5iWJ.I jl jj^ c^^Jl 
V t jj^j -^-l j^aJl L$J jjSo ^Jl 5aW-.ll 
UaJj>-( ioLWS">Ul ^S- y ^Js- VI ij y^- jL^j 
^L^ >Vlj3^l JIJJLll >^SU ^L-^ 

jl L»-Uj ^UjJJj .SyL^aJl Jl JJlll js^-^U 
Jjj^l _} J,LaJl j^^l Lg-L. £ >^-J <-«jvai 
^jo^j ^S" ^UjJI JjuL y L> ijk^i .(^LiJl 

? jl /jfl 
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4J jj£ ^~>- lAjyLll (jjO^J Ui*^ fr j ./1 ll Jj*--L 
~U... (j ji 0 jji ^Js- £ y> ^L)ti J,l L»Jj«j L»Jj«Jl 
«JuJp oLLis ^y» j j5\lJ 0 jj^-Vl o-i-* .«LSCj-iJl 
^LjLJI SjLkll ^ yO- tA,,,^»ll b*>U-l LS"! jl> 
oJL* j^ jl . * jJaJJ "u-LIj*- oUjj^t ,_jLp I ^ ; j 
Lf) b^U-l ^ JLLJI oLLJJl ^ ob^Ll 

jl JJ "Jy-U- oLLis Jlj^l ^jIp t jJaJl pS- j> 
lOb jjliJl j jiaj oiLi 3jL>- Jj«j dji*Jl a J*-' "*■■■" 
^jSJ tdJJjLS" ajjJai» J^pl LJ oLjj>- Jl (jAJti 
0~>«j t((^>r„^ll)) 4j>r jJl ^jIp Li"lj^ LjjLLIs 
L*)U-1j .^jIpS/I ^j-^LI ^L-UJ-I UJaJl ^L' 
jr* UH^ 1 * jL-J^I Jup (■ j .. /? , U "u»L»J-l 

* j jj LjiJLp £ £> ccones oLl» j ^^il 
oL-aJI ^ Li jJ.4 ^jjjsipj "uL«j tfovĕa Oi*^ 
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jyttjl J ^UjJlj ^jjl 



.i_Jl^Ll ^jIp APjjll batonnets 
4-lJ JLc L/>U-I dLL" JiliJ gjiJl ijLllj 
j oL>j>- (JLc jjjj j «Jut> yJ- il cJL>-l j 
^L^a- j*j crĕtinal «^^-iJl)) L-* ^j^aip ^ 
J-*LA-I 2jlic. j*j copsine «jj-J^lwj tsj-JaJJ 

^•^» jjy 4JL9 s. j-JaJl ^g^, .tll (jA^JT (ji^- .4jLI .-j 

ap j^sf ,jLWj Lf c<lL«U- ^ La-Up J-s<ajLjj alSLi 
ijj*>LUl Jl 4j AwLo-lCll o^U-LLJl ^ 

L$JL- jl c£ ^ ((^r-ap JjL- j\ jii) » jL^I 

cJLT LJ5j .a.,.^,11 L.^i-1 ^ aJLJl JULUl Jl 

LU^li ^ jjj ^Jl oLsjj^I OjLS' j\5l s. jJaJl » jS 

JUL (^^waJl (jioJl OLfj c jisl L$JLC ja», 
±*i~Z ^ dJJi -U, oijJl ^ f >_j .y_jt 
^giJLJ 9.U.:..-.< j jIkJ L$Jl5l>j LgJSJi oL$J-iJl 
aJU- ^j^io L j-*j iaJjLj s j-JaJl ^j-a -yJL*- (^Jals 
^ >JI ^ o- CjA ^iJjil ^*JI 
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uijui^ u j£iU-J)j<jji y im 



jJi ^gip jis^- j . j^- 4 «• jJ» ji-<K 

» j .,^11 2L-»L-^- jtsl LfrU->o Lf toLSs-JJI 
c-ij (Jl ^l-^ L$iS\J toLkj^Ji.l ^ja 
Js j»si\ Jju. LjIsLU ajLcu*^ aJL* 4^L>£ L* J j]s>l 
jljt-S- Js jP oLJl ^ Jl!! ^ ej>- 4jL) t jjal! 

L^. ^LLII jU^l ^ JLJL ^ j t(lj^ 

t(aS $LjtJJ ^Lj^Jl ^l jli ^LiL J . jLjJl J 

* <■ « 
Uajl i-Sjju ^jjJI trĕtinol j-» trĕtinal ij\ 

ls">Lkjl j^-Ji-l t^JJlj t A tjJl J^W.aJl ^L 

jj^-l .d">L^I Jju liJJjJj tcarotĕne jj jj^-l y 

. %JLJL5t ajj^JI jy-. ^ ^Ip l-u-L~. 

u jSCii a-.Lj.i i#*-i ^ J jVi uJaJi 

^ olj 4jLLs ^gjlj toL-A»Jlj oUsjyiJ.I y 
SJLJ lj>M ^L «jj«il l4,.„n,\\ L">U-I 

2 a Hl i 4jJJ>- ^j^» V».* ^j LjJ jSCj I Jii ' ■ Uatt 

L">L»- j jS\i AiJLj 4 i ,la.i aJLJI 2^JL| ^j 
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tganglionnaires SjJuuJI Ij^I <—* yJ 
.^jjvzJ\ il.. axones 4. : . ; . „ — . « . l l L$JtalJ_«l jj5J 
Ji fj 4^>- ^y, ,_J_SJ| 4-3Lj L>">U-I JaJ _J j 
JaJy UJ t 4^Sfl L>">U-I SJa-ljj L^Lu L. 
^L; iijydJ L">L^-I aJa.,^1 jj lg:,; L» kJj—Jl 
,jui)l A^SCj-i jt \X*j .amacrines _jj £\J\ 
ipj^jtSl Jajlj^Jl ^ oJjjjc* J> y» i_aJLJ 
(ajJ^p 4U^<->'i_,Jaij'l aJLj kJ&-<-^-4Jajji£-) 
U^<->- s ..kftII 4JLJ U^) oiity J*j.IjA) 
iJjL^-^Ajjip iJ^- jt i_JaiJ| 4JLJ kJj--<r^-2Jii\ 
Jajlj^l _JULT __^a*jj .(4j-L4P 4^<->__^S"L.t 

^Jl i_j y& ^gr aS ' J>*Jj L$JL*>«j 
^jij J £^_i_«~>-) Ja-i* I g ,/?»; jl L_f i(L$Jj 
"iLiJjJ L« t( __j>-I ^ ,,, i-?g - (jijs w-j ^ ... ^ p 
i^js—Jl i_,. |f ?»ll Aj.—ajJl jL*iVl -JJ^ LiJj 
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Jb»J 4_jiLijJl «jyiiil J\^JL ^J^l^AS fr j^"' ^ 

.dJJi 

I jou t «Lp j^c- j kJii\ l Jajl jjJI a JL* 3iLo 

OjjJl ^jii . 4_Ss.;..,i ll ^ _p-l Jl jLS\j» ^ Iji^S" 
4_jLj A-Uo JaJ y aJ» j j£- 4_JL>- JS" jl JjC ^JjaaJI 
toJu>-lj AjJLip <LJL>«j LajjJu Ja«J y ioJu>-lj <_JaiJl 
lOjl ^J» j^Jj tOjj-A!l ^L*i IJL»r IJuJb£- L: 
4j_^aJl OjjJJ SliLL» LaLJj«j>- ijj^a ^Ji ^jio.T.' jl 

2LJLi-l jlsLil ^JL L» dUi j .Lu-pl ^ 

CjLlsjj^iil ^ JuJbJl JaJ ^j C.,_->- t^SC^jJI ja 
oJL* JuJbJl U ■" ^jj toJo-lj _JaJiJI <ULj aJj>ij 
ja 2 SU:ll j_jjj J*=*>J L> j-* j toJu>-lj AjJuIp <LL>«j 

^ L_^S\J t« j j-a!I J—^Lij ^jJLc- « j Ji JSI ^jytll 
tJjLjwJaJl t | j->VL; ^-Lm^-^I ^jIp jJv5I j^l 
kA&u JiaJ j jS\j C->Uai;AJl ^ CjLil jV 

■jk jZ LjJljLil J*>«j Lf t ^L.jJl LM>- j 
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^^pij .Ui-i dlU UUU Ji\ aJu ^Ji ^ 

ol jLi^l Jatu ^ 3 j-LUI jJJis ^ 

'l£ _/>-Vl-i IaIJj-I iijLL«j Laj^ (^LJIj j t^iju 
isL^-^lj __r?*iJl oL_v»Li- _3^J JLo.»:.mI js- 
4i jLL» ^Js- L^JjOi, _j_jJl j ,\Ju\ LoJhU _j_-£Ul 
jl:.,/?fr j\ jL-Jsj^ji Lo_*LaJLj _juJJl _jJjLi_yi 
ii(\*j?y\ oJLi ^ ojLLJl j^-j? ^Jh:.*" t jUjbr 
j_-_j? j b Ja^ ^Jl cLiVl __>• Lf^-C Lf 

L.^U-1 ^yajo jl jJJj _____ uw>i .(ji*. _j* Lgja*. 
Jau jP^i ^syS.^ 4,, ,/?».ll L*^jJ-l olp j-o-4 jl 

(jyw aL4l jl b ^J^JJ fr( ^Jl jlS" 

L*>U. ^^s-J (jy- ^ .(Sb. 5JiiVl jJ^L-LT) 
Jkl t^^iJJ jlS" (j jJ-\ b jU- oLp jl 
jl Uf .(aUltl jl 4j.jj^Jl jJai-lT) >-TjSLi 

4jLjl _j__-a.Utl (_<- jT,..« ^ip t£-_l> Jajl jjil 4^_-i 

I^J^j j^JJ J^J LLij LbJj£ c4jx._.,.:Jl 4iJLt!lj 
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?tij** u j^ti^Jijtj / y im 



Jj Jj£ Lf t^j^jJl jj j* aj j-* 2 ^ sJLiJl ^s- 
alwJ-l j .35" J~\ dlL" c£JL. j *LiVl 35" sL4l 
_/5l tLiVl a5" ^ L-Lo- aJ>LiJl J»\ Js\ o'\ 
p\ £ \*J- ^Jl Slkdlj iLglSLiJ L$^L^ 
^l^y\ SJLli L>^J »LiVl JlSLiV L-Lw^ 
J-ygU:.!! S^L~J-I -bJLi jS" ^JJ jl jy>- ^ cLjJ jli 

. jl jJ^j aiJjJl 

? jl jJVl 

Olijjr CJLS" SJLi. jtSl t jJaJl jLS" LJS" 

J„^a:"j LUS^i ^ jJJ ^Jl oLSCj-iJl 
o*L>V' «-^ 1 jij& .^JIp j^SldJUiyl^L^Ll^- 
Jj i JWil IJL* j ^U-I JL». jJl J-Ul c,..J 
V JL^\ jl il t jjJo dUiS" a^^il J ^lU.h, 
aijkJl oLt jil oli a*J,Vl ^ JJLSJl V| ^/ct 

J ji 3jiiVl jvaJ V djU JJ j) iJbr ĕji^aiJl j lJb>r 
^Jju IJL* ^jSCj . (fl jaJ-I c-^- ajviVl ^ J a^>r,>.a:,ll 
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c^- jil J jJfj 5fUi^[l S-Li ^jy j^otII aJL>«j^jjI 

^ju J . jg . ajJ l Jl J^~>Jl i_A-S\j) JLJLj 
jv2j>-f f 0 j, 1 „it » j5"-lj (jj jS J" 0 "*"' * J^ 5 9j, H .,/7 » 

L>JbJb-l ccUaSMJl ^j» ^S- y ^jA j j| Ju "V ?cJL>- 
t 2Ju jJaJJ j^-Vlj «j^-.^ati CjL>- j^>JJ ^L^»- 
Cf lSjfi Jj^l ^ J*iJl *l*r lij 
» j>Jaj jJUi ^Vl Ol JJJj ^g^-» jLf jLiJl J^- 
^>-l jjjCjj . 5 Vj . m ji» oJLi (jjij ji*AJ i^- J jJs 
J jia ^ o jLw ^^jJa*; jJjLi^l tjy U JjiJl jli 
jJL*-« ^^«i ! ->$: ■ : £-*J-l jl <jj»- ^ c^- jil 
toLiil JSO £*a> V dJJi Ol JU .wUs^l oJui 
cjUaiMSl o jLi-I Jl jLiliii jLAis JJ il 

^j» cJIj ^JLp jljJlj . L$. o.'* SjL^jJaJL 

tu «UVl ^ jJ-I Jl jjui j jJ .. olIaitAJl 

d-aJ-l jy*. a L L. JJjb cLSL^i «djji V 

(^JJl j%k>-Vl L j~.o..-tJl j jJ 3JL~. j ^iJjj Aj ^Jij ^ 
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o^bji uis" olws*>ui ji *^>yd-\ j .^t al y 

. jl _j__-«^Jl L$Jt> OjIj Ij-Lc- 

^ * 

j* l-b-lj Uiv» oLlj^J-l 

AjMj jt L«Ij> ^jol (_S _^-t dJ-Lc Jo- toQaS.>Ul 
.1L^»- ^ jt ^jjt jt 
J*jU-J V jL^2lSVI Jl LjPjjJ ^ A*JaJlj 
^ -iJjbo Ut— J Jj toUaS*>Ul ^ ajJjCJa Lc-I jjt 
^Js- <lLp ^ JUI*j (_S jJl JaS*>Ul jA t Jb-I j JaSV 
4j-*iL-j1-I a-L_jJ , j.'s>\\ .tll 4j-*iL-j>- 
ji ^___c. t^SLiJl J-j-*j c^jJl J«L4-I S«.,Ja; 
3— -j-L-j^s- ^jip ^j^jCj J-»Ll-l Js- Js^-Li Ij__*j 
oJup ^j^a^c (^JJl Sj>- jil J j)> jJcj il t^jC-JiJl 

•u Ju (_5 JJ> '- : r " Oi— ~J t jJI tJu*- ^^JN.». j . tvj./?li 

rhodopsine Oy- 0 . J^ 1 J_^' (__* 'ui-H^I o-* £jjj' 
iodopsine 0i~ jjj jJIj toL^ajJl ^ oJu4 (_£ jjl 
.oUsj^p.Jl aJu4 j tLj Mj S ^>UJl AiLu^L 



66 



^Js- ^JJ^ J^ j^alL SiUJl ^j 

<L»*L»j>-j -'ji^ <— *Li^Sfl sJL* Jl>-\j 
.JUp L»Lail ^ O j^j uy* 0 - J ^ J J^* > . ^ 3 -? ^A' (^g^-r*^ 
tt^a^J.1 JjjVl <j\) }-> 500 Jl j>- 

oL> jil 3^j>- tjjyJLt-l Jl Lkj^wi ^^aibii LgjS\J 
U .jJJi ^ J>Vlj j^5^l JI>Vl oli 

tl j^»jjLi 440 Jl js- c JjJaJl « ji-a» 
iijJL4,VI short JUlS" JjVl cJ> jj-l iJu» Lwl 

jj«tJ Jjf M ijl-^-iJ 0 j^l A^L^s-j .(( jwai)) ^jUjJ. 
Oy. jj*" (^*J (_5^*l £-* t3Ja~» jvJLl oL>7 jil 

CfJ 'Ij^jjLi 530 Jl y~ ij\ <. jL^Sl^j j%-«*-S[l 

i - » t ..... • 
.ja^ji< (^jUj:. meamm y jj ji M <— ' ~- 

jjjl 4~-L-j>- L.I 

S }j> jJL 560 Jl j>m t >s^Vl j^ (J) JjVl 

.« jj-iT)) (^^. clarge Jl j* y. L «-3 yHi U-L> j 
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Cj* S-i J* U)r* -ij^jj^ ^i* 4JW*-i^ 4-»-LJl j» L»l 

^jo^fl jlj^^jo L«jbj tS jJl 

tL <— M JUv» ,jy—J jO jjl (^l t^-J. ^"-^1 

j j5\j il)l J^>JJ .Ljaji 1 o ( j ^ja ^uj jjl!l 

ij^~> jJl ^a;.,^ jl Jj . L* yLiJ ^jJl ob-i-l ^ 
^Sl Ji^- cjL?t JJ L* Lj M 
tX 3.».„^ll ^jIp jJl Ja^A liiji ^Js- <xj\sia 

oij^nil ji»<j«Jl jjbj t j^j^-S^Ij jv^»-Sfl uy jti«-Jl 
^ _JJ dUS t jl jJ^I ^j^jh Oy.L^ail ^ 
(»Jb-ljX ^gjjJ^iJl) JUr ^l^-^gjiJl 

.(OIsjI Ijjl. ^.jJ ^JI jJJl) s LJl u-...,^ Lf pl 

Ajjj ^ jjj (^L £ \ Vl , S>l V (jwojjj^Jl jl jJ-Jj 

^Jl ^ al^*Jl LjpI jjL oLWj^JJ jlj i jl jJ^I 
Jijj' ^Jj^rl L-*- jJ jJl jl c£ y IJ-$jj .i2JJJb <• jiJ 
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. jl jjty kjyC £j jj 4j Jii jvs j~Lj Li ^ 
JLii .ibL-Jl dJJb o tdJJi cajcJJI jl 

j^iJl ^ Ewald Herig £j>a jJIjjJ J±^-V 
tL*-ljjl jljJVl £^>u {£ji~>\ 0\ ji~£~ 

Jjj^l ^li.LL _yivs>Vl j j^-Vl ^JjLL j%k^-Vli 
O Vl j JeJty 0 

Ja i2L^L\1Lj .(SJLiJl j^LLti. ^jjJJl 

^jo 2clJ| 01 jJty «J^ o\ i$j\jl\ Lgjj cJi^-V 
j«Vl oljl*i (..j...^ ^ 4.L...:. l „.tl jl jJVl oIJJL 
Ji j ?Ja~- jJl jv2*Jl ^ Ljjjl ^ aSJUI j ajJJl 
j_Lj lili LJ ^ j>iJ V £ jj Aj JiLi jl £j. jijb Ji^ 
t 4iLJL>- ^yLc jj» La5" ^j-J j L.L.O.-»- L jJ jjLyO^] 
QAy. jJJi JUi . JJl Sj-J-I Jl SUL. j^t 
(JLjjV jJl jo£) Edwin Land jjjoI ^ 
SjLpI ^«.k:,». ^L»jJl jl ^pr Sj^^s^JL JjJ 

y* Lg_j ^^-J AJI jj ji SjjV5 ^ jl jJS/I ^jij^ 
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«I j Lo-T j jJJl jl <_£ <L^>- 'ui^l OyLj-->- 
Jbrjj <_£.i!l Ja»?JkL i>-ji Jl 0>*J Ui*^ 

jjb jLjLS" iDLj! jL jJ jjS^j jU .aJ j jUl tiiii 

(jyjl AjSLi jf LoLL« ^JS\ 2ia>-">lll ^ J— Jj j^l 
M <_£ j-" oUsj^Jl j^. L^J -L>-jj ^L^j V 

2 tij- S Jl^ oLLjj^I Ji£ V il) Lj 
Jl 3jL>^L j toLlsj^-Ll ^ jaj£ SjliLi 
L»l .(2jjvaJl SjjJl ^ ciJJi 

jli t(jyJl »1 jj Li' j jJJl J Jaj^til jJLj JjjCj L» 
( j j^o iL^j) (jyJl ^gip JaSLJl s jJ-Jl 4j>- y, J jl? 
Je-Lis^l S-Li Jjl ji (j-» j jJJl -b-Lsi ^ 2-«jkl Jil 
j»_ij Ijjbj . OjjL>-J.I (jlsLil (jy ol> jil J jJ^J 

^UjJI j j_T ^ ^jjjb ,j-.l>- 5j>w» ^jip JuJjJI 

4ik>J,l oUJaJl j jl jJVl L. Jjl jj-JI yt^U-j. 

.Lj,..j; ji jJ^i ^^.o lc jt_r1 Lg-L- 
Jl »>jJl Ljijis Ji4 i-Jb>*il oL jkJl e Jjb 



J> iolpl j> |JjJl aJ ^ji L J^ajL (^"^ 
^Jl 5JLi*ll JL-U14JJ (1^1 jJa^ JJI jf j JljJ V) 
Jajl j^jl oJL* .JytJl ji ^ A-^MajJl Jaj.l j^jl jJ5 

<.<ij\ jZ* oja*i> oLSC—i ls^" £Jj*"' 

oirj-L >vij ji£*Vi ji-^^i; ij,^»i 

iiLii jkLr.JaJ^ L$n JSj 1 01 jJSTL; cJUj 
Jajl j _jl jli jl jjty ^j .a-pUjJI o ^piiJl 

^j 2Lf-U-Ul OjCJiJl ^ j ^LSLiJl ^ oJ y>r jil 

^^Stlo ji jjSfi oiiJ? «c5jj)) 01 ^ujJJ 

^j-J) ojU-i^-l AJUhj^-"^ aJp Li>- ^jLj I g „^»1 
j jJJl JL* j50 (i^J-l Jl JJU ^ JL* 
Jaij^di\ 3-*J OL» teSj^-l if?r .(yi^s^l 

((^^-s<aj)) ^-Ij 3 il ../mJl Jajlj jjl ^jy LJ JsL»-^[l j 

L^^^wu" ijU#l JL4 ^ iLoliJl ij\J>y\ 
tSjjUJl jkLdl ^ o^UJl oljLi^l 
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<V tj&j- Ujj-t L-Jl JiSji^titl 



t\ jk^e LJ jJ-J 2J j^_JJl jl <_ji t S' £j^i_ 
jl jL$-Jl o-A £ yjs C-*^ L^Jl Li Jij «-I j_w 
dlaSLJI Ajti^l (jt |»-Pj ijj— *Jl ^iP jt JJaJl ^ 

UjLs-l ,J-b>J c/5te)1 cjVL4-1 oJi*> ^ L$Jp 

oJLA C-_j>- ,j> Lo_f olsr jil J jl? C^>- ^j* 

j _}_> i^^&i 0\ jJVl 4jjj ^ CjLJI |JL*> .OtUis^l 

jl jJVl Jl» »■>.»' I J^l 4...-.JL 4j j-p- 4-*_*.f k_JLi 

j-g-s . oLI j_J-1 J-3 ^ L»__-»w» VL_-»i«-l 
A^_JuLJl 4^5"LiJl ,jl ji ^jjL__iJl _< ^i! 

. o^Uj^I !_j> j cJLf Lt L$J jJ 
Lc. i_>LWil 4jL_J ^ Luu_j V -Ji" Ijl*. jl J4j 

(Jl Ji-i Ui*" ^ J^ -JL-* jL LJjt>cj 

• i ' _ < e 

,<LiL_» tL__»> A>tjLvia J-*Lj" iJjjl jl t2_>-L_j 
£_s_t> ^^-iJl jJLc-j -^LaP^I <Jp (jy L« jl_C» ^ii 

..._5i>il 
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J j£j ^ j>«Jl c-j Jj>- <us LS" L» Jl Lp jt j 
OVI L-.jL j tklJJl JL> ^LiJl Ja*j. LJ>J jl Ji Ljl 
t jL**JJl <LL*Js ocLjs^l *Lii ^ js*Jl jL i—ijoti 01 

t£ jJrl (_j9*^j«Jl <Um5C*j (_£ jjl jii-^aJl tjJLl ^i^J il 
tjj^J JjjJ "^ki ^(k?VJ LJjci- ^ j -o .t l l jjJ ^jA 

■U*jl ^J> ^jl ^J 

<Ui5\ll ^j tb.LjPl 4-5s--i cjL1sjjS*J,I ^jSJ 

CJL< ^ VJ W-r Jii^* V .01 jJVl jU.:.:..'Ij 
Aj^Uj I-^.».jo ■>- UUslU JJJl L.I tA_ilS" 0frL>^l 

C j^Jl tjjs jl ! 01 _/Jl oy j U^. li^* V 

t jl jJ^I oLUj^^J.1 jj^j: ijt ou»J»l 

oJLi ^ (3 jjiJl tS j-" JLJL J_j" jl ^Wt.m" V (jyiil j 

jjip c-Litj Ljjcmoj^ ^ js>Jl jJJ dJJJJj toc.Ljs^fl 
iLUJl aULoJt VI ^JJl ^Ijj-JI JJJI ^l— ■ Mi^ 
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Lf tolisjyiJkl SjLiiuJ^ i^ii^i Lc. £_<dj ^Jl Lgj^ 
Lg-J»_j ts-^j-iJl ,_/"-! 3J_jJL» L»l j Oy«Jl J-»^ 
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^Jj^» Jlj-* jJsj (jJ-Jl Jlj-Jl 

«.Ijj Ji L : ^Js- as>~ Jal Ldi \x>\ 
aJL^» aLJ ^ tL. Jl ^ jJs»LJl jl ?^ jj*Jl jl jJt 
">Lii LgJLU I ili ul j>Vl ££.iL f >=^Jl l£ j. 
ulij jJl j tl yUl j tl j-J-l dJJiS' L^ jt ^JuiiS"! 
. f L-Jl ^ j%i>-t j-» JL* ^j-J ^j^J 

j^t Li jPJj JlyJl 11* ^jP <_jl jJ^I J^t ^ 
: j jJl a^aL» ^ JjL-Jl ^ tjj ils-j Jl ^jj 
^ly- ^ r t J J.I *^JJl ^lj^ ^ ^t 
al^> L jv»^j 

.ilJu*! ^Ip j^iJl •wgi (.JuS" j t. j-iJl L j^j ?(jy«Jl 
^^iJl «jjJ» ^jP OjJ^ ^JJi ^.jLJl 

• J J^l Jlj-Jl <jP <_jI jJrl Jl L ^^aju (.{ j^Jl j 
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jj 4jlj tUl jjt <CJLJ&- ^ j jUl jl -jL,t_Xj IJ-C* 

LgJ( j_»l tol> jil Jj_> _-« 

tJl S_L« /j-» LuJJ 0 r~J _) jJJl — 'I i_P ■ -"^ ' 

—^lsr jil (jJsLi jjb Lcl «•(_-— Jl O jJ Olj 

Lfr...fCj-3 <_>. 4^j_L| SjLkJl oljj LgJ j_jj ^j_l 
1 g „fl: n ;i IjJb L^J <_jJ_- V ^l <--L>- jllj iLaI j_ 

^L_i J./»-: ajj__-» L^j—T i_.......J ,LiVl (j-^J 

l_j__- L« ( _ r __- : j _j___«j Lo 4__ ^--KjC- l g _1 g- 

4 , - a ; i j_U_J Aj l (^l i4j|_u jjW;« jj- L» !_£__ Jj. 
L^JlJj 4f,,/?ll <>___>- Vl aJ_- _r-j .(jytll L*l _,> 4j_il 
^jLp .j» j^_Jl L$__j 4jjLJl (_j_JVl _fr_-j ^jLail 
_fr_u«.-- t___»J ^L-o-S''! L$JL- jj y-ll 4j_iVl ui 
jA js- 5j_it cJ ĕ j_L| ^L__ r '_'li tLup^ SJ^ 
2ijyJ,l t L*l y V LuSsJ - jlj_- L* J>\ ____*- LJ 
-___! _1L__ _l L-T ulj-J-l __-_- Aj_iVl ^L 
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V Lu£J jJJiS' \^.^ tLjLs- jol" LJ (jy^l 

ol.S,,,W?ll oli I g;« 'Oy^l L*ljJ V L*jjP lS 

.iJli j IJl* (jy L» I g ;«j jj^' ^--•J ^JaJl 
^^ t jljJVlj 

LgJjU j-^ii dlii' ^J» 4.1, - 1 . - !l oL t lS' ^ SjoiS" 

^ajjjl AiUl «J , ,,.?" LoJ^ L^Ljlj W ; ,,.,?lLj l.^o.->r 
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